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INTRODUCTION 

De ta i l ed  c h a r a c t e r i z a t i o n  o f  t he  organ ic  m a t e r i a l  i s  s t i l l  imposs ib le ,  even 
when us ing  today 's  h i g h l y  developed soph is t i ca ted  a n a l y t i c a l  techniques. Th is  
i s  p r i m a r i l y  due t o  the  amorphous na ture  o f  high-molecular-mass mix tu res .  The 
understanding o f  t h e  phys i ca l  s t r u c t u r e  o f  these m a t e r i a l s  i s  an impor tan t  
s tep  i n  the  study o f  coal s t ruc tu re .  The ex ten t  t o  which coa l  molecules may 
be (A) cova len t l y  cross-1 inked and/or (5 )  p h y s i c a l l y  assoc ia ted  i s  i l l u s t r a t e d  
i n  F igure  1. 

A c ross - l i nked ,  three-dimensional  macromolecular model (Model 4) has been 
w ide ly  accepted as a model o f  t he  organ ic  m a t e r i a l ,  with t h i s  framework 
occ lud ing  some so lven t -ex t rac tab le  components. It i s ,  however, t h i s  au tho r ' s  
op in ion  t h a t  t he  evidence i s  i n d i r e c t  and the re  i s  l i t t l e  i n fo rma t ion  t o  
e l u c i d a t e  the  r e a l  s t a t e  o f  t he  phys i ca l  s t r u c t u r e  o f  coa l .  

I n t r a -  and in te rmo lecu la r  (secondary) i n t e r a c t i o n s  p l a y  an impor tan t  r o l e  
i n  Model 5, b u t  d i f f e r e n t i a t i o n  between cova len t  bonds and the  
s t rong  secondary i n t e r a c t i o n s  has no t  been thorough ly  s tud ied .  Our recen t  
work (1 -6)  demonstrated the  s i g n i f i c a n c e  and importance o f  r e l a t i v e l y  s t rong  
secondary i n t e r a c t i o n s  i n  a l l  ranks o f  coa l .  Therefore,  t h e  convent iona l  coa l  
s t r u c t u r a l  Model A needs t o  be re inves t i ga ted .  

I n  t h i s  pape7, our recent  r e s u l t s  w i l l  be summarized and i n v e s t i g a t e d  
a long w i t h  the  r e l a t i n g  pas t  work. From t h i s  ana lys i s ,  i t  i s  reasonable t o  
deduce t h a t  s i g n i f i c a n t  p o r t i o n s  ( f a r  more than genera l l y  be l i eved )  o f  coa l  
molecules are p h y s i c a l l y  associated. 

EXPERIMENTAL 
Most o f  t h e  exper imental  procedures have been a l ready  repo r ted  i n  t h e  

prev ious  papers (1-7). The f o l l o w i n g s  a re  some o f  these o u t l i n e s .  American 
Chemical Soc ie ty  reagents and h.p.1.c.-grade so lvents  were used t t i t hou t  
p u r i f i c a t i o n .  Coal samples were ob ta ined from t h e  Premium Sample Program a t  
Argonne Nat iona l  Labora tory  ( a ) ,  t he  Pennsylvania S t a t e  U n i v e r s i t y  Coal Bank 
and Exxon Research and Eng ineer ing  Co. 

f l a s k  o r  a 300 m l  au toc lave  and magne t i ca l l y  s t i r r e d  under n i t rogen .  
m ix tu re  was e i t h e r  s t i r r e d  a t  room temperature,  heated, o r  m i l d l y  r e f l u x e d  i n  
an o i l  ba th  o r  i n  an au toc lave  heater.  
r o t a r y  evapora tor ,  mixed w i t h  methanol, and f i l t e r e d ,  w h i l e  be ing  h insed w i t h  
methanol several  t imes. 

The exper imental  procedure o f  coal  s w e l l i n g  i s  based on t h e  e a r l i e r  
repor ted  method (9,101. 
Wintrobe Tubes (F i she r  S c i e n t i f i c )  o f  3 mm inne r  diameter and 115 mm i n  l eng th  
w i t h  g raduat ions  i n  1 mn d i v i s i o n s .  
i n t o  t h e  tubes, these tubes were cen t r i f uged  f o r  5 min ( a t  3600 rpm i n  a 30 cm 
diameter h o r i z o n t a l  r o t o r ) .  Bulk d e n s i t y  of each coa l  under t h e  c o n d i t i o n  was 
determined by t h e  average he igh t  cen t r i f uged .  Each i n i t i a l  h e i g h t  be fore  
so l ven t  s w e l l i n g  was ca l cu la ted  from weight of samples by  us ing  the  b u l k  
dens i t y .  This i s  t ed ious  compared t o  t h e  convent iona l  p rocedure  bu t  essen t ia l  

Coal i s  a complex m ix tu re  o f  o rgan ic  m a t e r i a l  and ino rgan ic  components. 

Approximately 5 g o f  coal  'was p laced i n  100 m l  o f  so l ven t  i n  a 250 m l  
The 

The cooled m i x t u r e  was d r i e d  us ing  a 

The coal  was d r i e d  i n  a vacuum oven a t  95 C ove rn igh t .  

The measurements were performed i n  the  d isposab le  

A f te r  p l a c i n g  t h r e e  weighed coal  samples 
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t o  ob ta in  rep roduc ib le  r e s u l t s  p a r t i c u l a r l y  a t  low coa l  concent ra t ion .  
So lvent  was added t o  each weighed sample a f t e r  measuring i t s  volume, and t h e  
conten t  was v igo rous l y  s t i r r e d  w i t h  a t h i n  rod. 
f o r  5 min a t  3600 rpm. 
t h e  d i f f e r e n c e  between these he igh ts  o f  samples ( 9 , l O ) .  
employed f o r  de termin ing  the  ex ten ts  o f  s w e l l i n g  as a f u n c t i o n  o f  t i m e  and 
coa l  concent ra t ion .  

RESULTS AND DISCUSSION 

The tubes  were c e n t r i f u g e d  
The vo lumet r i c  s w e l l i n g  r a t i o  ( Q )  was c a l c u l a t e d  by 

Seperate samples were 

So lvent  e x t r a c t a b i l i t y  
There i s  a l ong  h i s t o r y ,  over a century ,  o f  coa l - so l ven t  e x t r a c t i o n .  

Only a small f r a c t i o n  o f  most coa ls  i s  e x t r a c t a b l e  i n  o rgan ic  so l ven ts .  Th is  
amount may reach 20-30 w t X ,  and i t  has been thought  t h a t  t h i s  l i m i t e d  
s o l u b i l i t y  o r  e x t r a c t a b i l i t y  i s  c o n s i s t e n t  w i t h  Model A. Hydrogen bonds have 
been p r i m a r i l y  considered i n  a d d i t i o n  t o  r e l a t i v e l y  weFk van der Waals' f o rces  
and they  are assumed t o  be broken w i t h  one o f  t he  bes t  so lvents ,  
p y r i d i n e  (11,12). Caut ion,  however, i s  advised aga ins t  t h e  l i m i t e d  e x t r a c t -  
a b i l i t y  o f  coa l ,  because i t  seems t h a t  t he  l i m i t e d  e x t r a c t a b i l i t y  o r i g i n a t e s  
f rom t h e  d i s regard  o f  va r ious  r e l a t i v e l y  s t rong  secondary i n t e r a c t i o n s  caused 
by po ly func t i ona l  groups i n  coa l .  

The v a r i e t y  o f  r e l a t i v e l y  s t r o n g  secondary i n t e r a c t i o n s  a re  present  and 
t h e i r  abundances are h i g h l y  rank-dependent because of t he  dependence o f  t he  
abundance o f  d i v e r s e  f u n c t i o n a l  groups on coa l  rank (1,4,6). It was 
es t imated (1,4,6) t h a t  t h e  Coulombic f o r c e  i s  predominant i n  lower - rank  coal 
due t o  i on i zed  groups, t h a t  charge- t rans fer  complexes i n v o l v i n g  non- ion i zab le  
b u t  t r a n s f e r a b l e  e lec t rons  a re  impor tan t  i n  medium-rank coa l ,  and t h a t  
d i spe rs ion  fo rces  i n v o l v i n g  p o l a r i z a b l e  T -e lec t rons  i n  p o l y c y c l i c  aromat ics 
( n - z  i n t e r a c t i o n s )  a re  major c o n t r i b u t o r s  i n  higher-rank coa l .  

Any s i n g l e  so l ven t  does n o t  appear t o  be ab le  t o  d i s r u p t  a l l  o f  these 
r e l a t i v e l y  s t rong secondary i n t e r a c t i o n s  and a l l o w  an e f f i c i e n t  s i n g l e  s tep  
e x t r a c t i o n .  Macromolecules w i t h  r e l a t i v e l y  s t rong  secondary i n t e r a c t i o n s  
co -opera t i ve l y  i n t e r a c t  (13) .  
coa l  more d i f f i c u l t .  There fore ,  another  e x t r a c t i o n  procedure  approp r ia te  f o r  
coa l  needs t o  be exp lo red .  

i n t e r a c t i o n s  s tep  by s tep  i n  t h e  recen t  papers (6 ) .  Each s tep  was se lec ted  t o  
min imize  t h e  p o s s i b i l i t y  o f  c l e a v i n g  cova len t  bonds. D e t a i l e d  mass balances 
and add i t i ona l  exper iments t o  i n v e s t i g a t e  t h e  break ing  o f  d i f f e r e n t  secondary 
i n t e r a c t i o n s  were shown i n  the  paper ( 6 ) .  

Each s tep  t o  break o r  s o l v a t e  r e l a t i v e  s t rong  secondary i n t e r a c t i o n s  has 
t o  be se lec ted  accord ing  t o  ranks of coa ls  because o f  t h e  rank dependence o f  
t h e  abundance o f  these i n t e r a c t i o n s .  The concept o f  t h i s  rank dependence may 
be represented as shown i n  F i g u r e  2. For  subbituminous coa l ,  i o n i c  fo rces  and 
then charge- t rans fer  i n t e r a c t i o n s  shou ld  be so l va ted  s tep  by s tep  i n  a d d i t i o n  
t o  hydrogen bonds. For  h i g h - v o l a t i l e  b i tuminous  coa l ,  t h e  s o l v a t i o n  o f  z-z 
i n t e r a c t o n s  would be impor tan t  a f t e r  b reak ing  cha rge - t rans fe r  i n t e r a c t i o n s .  

s tep  and m u l t i s t e p  procedures were compared (6 ) .  To ta l  e x t r a c t i o n  y i e l d s  o f  
38-73 w t %  (da f )  were ob ta ined by  us ing  m u l t i s t e p  e x t r a c t i o n s  except f o r  
l o w - v o l a t i l e  b i tuminous  coal .  
s t ra igh t fo rward ,  and t h e  e x t r a c t a b i l i t i e s  a re  much l a r g e r  than those  ob ta ined 
by us ing  the  convent iona l  e x t r a c t i o n .  
us ing  d i f f e r e n t  methods has been a v a i l a b l e  f o r  se lec ted  ranks o f  coa l  (14-17). 

Above r e s u l t s  i n d i c a t e  t h a t  coa l  i s  e x t r a c t a b l e  t o  a l a r g e  ex ten t  i f  

The c o - o p e r a t i v i t y  may make s o l u b i l i z a t i o n  o f  

A m u l t i s t e p  sequence was proposed w i t h  t h e  aim o f  m in im iz ing  va r ious  

The p y r i d i n e  e x t r a c t i o n  y i e l d s  f o r  Argonne Premium coal  samples by s i n g l e  

These procedures are ted ious  bu t  

Other r e s u l t s  o f  h i g h  e x t r a c t a b i l i t y  
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var ious  r e l a t i v e l y  s t rong  secondary i n t e r a c t i o n s  a re  p r o p e r l y  weakened. 
Therefore,  l i m i t e d  e x t r a c t a b i l i t y  us ing  a s i n g l e  s tep  w i t h  an i n d i v i d u a l  
so l ven t  may g i v e  a mis lead ing  i n fo rma t ion  about coa l  s t r u c t u r e .  
l o g i c a l  t o  deduce any concept f rom the  values. 

It i s  no t  

Assoc ia t i ve  equi  1 i b r i a  
I f  t h e  r e l a t i v e l y  s t rong  secondary i n t e r a c t i o n s  o r  phys i ca l  assoc ia t i ons  

are s i g n i f i c a n t  i n  coa l ,  assoc ia t i ve  e q u i l i b r i a  o f  coal  should be observed i n  
so lvents .  The assoc ia t i ve  e q u i l i b r i a ,  however, have n o t  been f u l l y  
apprec ia ted  f o r  t he  system o f  coal  and so l ven t  regard less  o f  such numerous 
observa t ions  f o r  polymer so lu t i ons .  

assoc ia t i ve  e q u i l i b r i a  (1,Z). 
coal  and i t s  p y r i d i n e  e x t r a c t  i s  induced by the  so l ven t  soaking. 
immersing these m a t e r i a l s  i n  poor so l ven ts  o r  i n  good so lvents ,  f o l l owed  by 
the  removal o f  good so l ven ts  ( t h e  so l ven t  t rea tmen t ) ,  caused decreases i n  
t h e i r  p y r i d i n e  e x t r a c t a b i l i t y .  Any s i g n i f i c a n t  chemical r e a c t i o n  du r ing  the  
so lvent  t rea tment  was exper imenta l l y  r u l e d  out,. 

e x t r a c t  s o l u t i o n s  and molecular weight a t  d i f f e r e n t  temperatures (3 ) .  
observed t h a t  such assoc ia t i ve  e q u i l i b r i a  a re  h i g h l y  rank-dependent. 
r e s u l t e d  i n  remarkable d i f f e rences  i n  e x t r a c t i o n  r a t e ,  e f f e c t  o f  p reheat ing  on 
e x t r a c t i o n  and e f f e c t  o f  so lvent -soak ing  on e x t r a c t i o n  f o r  A reg ion  ( <  ca. 87 
% C ) ,  B reg ion  (ca.  87 t o  90 % C )  and C reg ion  ( >  ca. 90 4. C )  coa ls  ( 3 ) .  Th i s  
co inc ides  w i t h  the  s i g n i f i c a n t  rank dependence of  types  and abundances of 
r e l a t i v e l y  s t rong  secondary i n t e r a c t i o n s  i n  coa l  cons idered f o r  m u l t i s t e p  
ex t rac t i ons  i n  the  prev ious  sec t ion .  

i n  coa l ,  and coal  components (o r  mo lecu les)  e q u i l i b r a t e  between assoc ia t i on  
and d i s s o c i a t i o n  due t o  these i n t e r a c t i o n s  even i n  good so l ven ts  such as 
py r id ine .  So, d i f f e r e n t i a t i o n  between chemical bonds and s t rong  secondary 
i n t e r a c t i o n s  should be considered, a l though the  q u a n t i t a t i v e  assessment o f  
t h e i r  abundances i s  very  d i f f i c u l t .  Because o f  t h e  presence o f  r e l a t i v e l y  
s t rong  secondary i n t e r a c t i o n s ,  i t  i s  suggested t h a t  apparent networks 
exper imen ta l l y  observed, which have been o f t e n  regarded as rep resen t ing  Model 
- A ,  are  much dev ia ted  f rom the  phantom ( r e a l )  networks,  i f  any. 

The so lvent - induced assoc ia t i on  has been observed and i n t e r p r e t e d  as 
Se l f -assoc ia t i ons  o f  h i g h - v o l a t i l e  b i tuminous  

Heat ing  o r  

Other assoc ia t i ve  e q u i l i b r i a  were seen as changes i n  p r e c i p i t a t i o n  o f  

Th is  
I t  was 

From t h e  above d iscuss ion ,  r e l a t i v e l y  s t rong  secondary i n t e r a c t i o n s  e x i s t  

So lvent  s w e l l i n e  
The behaviour o f  so lvent ( - induced)  s w e l l i n g  w i t h o u t  complete d i s s o l u t i o n  

i n  any organ ic  so l ven t  has been o f t e n  r e f e r r e d  t o  the  evidence f o r  Model A.  
Sanada and Honda (18) app l i ed  the  s t a t i s t i c a l  t heo ry  o f  rubber e l a s t i c i t y - t o  
coal  i n  o rde r  t o  es t imate  the  average mo lecu la r  we igh t  between c ross - l i nks .  
Since then, so l ven t  swe l l i ng  has been used t o  c h a r a c t e r i z e  the  macromolecular 
na ture  of coal  by  many workers (19,ZO). The au thor  c r i t i q u e s  t h i s  l i n e  o f  
evidence f o r  Model A on t h e  grounds t h a t  coa l  s w e l l i n g  i s  n o t  r e v e r s i b l e  and 
h i g h l y  dependent upon coal  concent ra t ion .  Al though a s e r i e s  o f  f u l l  papers 
w i l l  be repo r ted  elsewhere (ZI), some o f  recen t  r e s u l t s  on these issues  a re  
shown. 

1 I r r e v e r s i b i l i t y  o f  so lvent  swe l l i ng .  
phenomena have been observed i n  a so l ven t  between t h e  A and B reg ion  coa ls  
( 3 ) .  
Upper Freepor t  (UF: t h e  B reg ion  c o a l )  were compared. The s w e l l i n g  r a t i o  Q a t  
room Semperature i s  very  small as seen by U F - 1  i n  Tab le  1, whereas t h e  Q va lue  
a t  70 C 1 s  l a r g e r  and increased w i t h  t i m e  (UF-2). I f  t he  p y r i d i n e  s w e l l i n g  i s  

D i s t i n c t i v e l y  d i f f e r e n t  phys i ca l  

Accord ing ly ,  p y r i d i n e  swe l l i ngs  o f  I l l i n o i s  no. 6 (IL: t h e  A reg ion)and 
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main ly  due t o  c ross - l i nked  cova len t  bonds i n  the  coa l ,  t h e  s i g n i f i c a n t l y  
d i f f e r e n t  Q between t h e  two temperatures cannot be exp la ined  by e l a s t i c  
swe l l i ng .  The r e s u l t  can be r a t i o n a i i z e d  due t o  more d i s r u p t i o n  o f  secondary 
i n t e r a c t i o n s  a t  h igh  temperature (70 C) (3). 

The UF coa l  once swo l len  i n  p y r i d i n e ,  f o l l owed  by t h e  removal o f  
py r id ine ,  gave n e a r l y  the  same Q va lue  (UF-3) and p y r i d i n e  e x t r a c t a b i l i t y  (3) 
as the  raw coa l .  
and e x t r a c t a b i l i t y  (3) were observed f o r  t h e  I L  coa l  by t h e  
swe l l i ng /deswe l l i ng  procedure. 

was observed f o r  UF-2 as shown above. 
t h e  B reg ion  coa l  a f t e r  t he rma l l y  induced d i s s o c i a t i o n  by  r e f l u x i n g  i n  
p y r i d i n e ,  r e l a t i v e l y  s t rong a s s o c i a t i o n  may occur as seen f o r  t h e  A reg ion  
coa l  (3). 
removal o f  py r i d ine ,  and then the  s w e l l i n g  r a t i o  Q o f  t h i s  sample was measured 
a t  roo8 temperature (UF-4) and 7OoC (UF-5). Both  Q va lues  a t  room temperature 
and 70 C o f  t he  sample were near l y  equal t o  t h a t  o f  t h g  raw coa l .  It i s  no ted  
t h a t  an inc rease i n  t h e  Q va lue  was n o t  observed a t  70 C. 

d issoc ia t i on ,  t h e  coal  may inc rease  so l ven t  s w e l l i n g  even when t h e  coa l  was 
d r i e d ,  because t h e  so lub les  do no t  assoc ia te  back w i t h  t h e  residue. I n  f a c t ,  
t h e  s w e l l i n g  r a t i o  Q o f  the  p y r i d i n e  e x t r a c t e d  UF coa l  ( P I )  (UF-6) was l a r g e r  
than  t h a t  o f  t h e  raw coa l .  Th is  i s  a l s o  no tab le ,  because P I  o f  t h e  IL coa l  
(IL-3) showed the  smal le r  Q va lue  than  t h e  raw coa l .  

Therefore,  so l ven t  s w e l l i n g  i s  i r r e v e r s i b l e  f o r  t h e  I L  and t h e  UF coa ls .  
The i r r e v e r s i b i l i t y  i s  q u i t e  d i f f e r e n t  between t h e  I L  and t h e  UF coa ls .  
d i s t i n c t i v e  d i f f e r e n c e s  are  c o n s i s t e n t  w i t h  d i f f e r e n t  phys i ca l  phenomena 
between these ranks of  coa ls  d iscussed above. 

a s s o c i a t i v e  e q u i l i b r i a  f o r  res idue  may be de tec ted  by t h e  dependence o f  coal  
concent ra t ion  on so l ven t  swe l l i ng .  There fore ,  s w e l l i n g  r a t i o s  o f  va r ious  
coa ls  and t h e i r  P I  were measured a t  va r ious  coa l  t o  so l ven t  we igh t  r a t i o s  
(C/S) i n  room temperature p y r i d i n e .  

The r e s u l t s  f o r  PSOC-1491 coa l  ( h i g h - v o l a t i l e  C b i tuminous  c o a l )  a re  
summerized i n  t h i s  sec t ion .  Swe l l i ng  r a t i o s  of t he  raw coa l  and i t s  P I  versus 
C / S  va lues  are  shown i n  F igu re  3. 
dependent on coal  concent ra t ion .  

Most o f  Q by t h e  vo lumet r i c  method have been ob ta ined  a t  t he  l a r g e  C/S 
value, and these Q can be regarded as t h e  sa tura ted  va lue  (Qco)  (9,lO). A 
g r a v i m e t r i c  (18)  and a p i s t o n  t y p e  (22)  o f  measurements a re  under t h e  
c o n d i t i o n  of t he  q u i t e  l a r g e  C/S va lue  w i thou t  a g i t a t i o n .  There fore ,  these 
methods must a l s o  g i v e  t h e  sa tu ra ted  s w e l l i n g  r a t i o s .  Because o f  t h e  small 
dependence of concen t ra t i on  on so l ven t  s w e l l i n g  a t  t he  l a r g e r  C/S value, t h e  
conven t iona l l y  ob ta ined Q should be approx imate ly  rep roduc ib le  regard less  o f  
C/S. 
by us ing  these Q m ,  because the  Qm are  apparent values. 

If s o l u b l e  ma te r ia l  du r ing  coa l  s w e l l i n g  s i g n i f i c a n t l y  a f f e c t  so l ven t  
a c t i v i t y  and change so l ven t  s w e l l i n g ,  s w e l l i n g  o f  coa l  and res idue  must be 
s i g n i f i c a n t l y  d i f f e r e n t  aga ins t  t h e  C/S value. However, t he  r e s u l t s  (F igu re  
3) show the  approx imat ly  same dependence on sample concent ra t ion .  
of so lub les  on so l ven t  s w e l l i n g  was f u r t h e r  examined. The P I  f rom t h e  
PSOC-1491 coal  was mixed w i t h  i t s  PS, and t h e i r  p y r i d i n e  s w e l l i n g  r a t i o s  were 
measured a t  va r ious  m ix ing  r a t i o s  a t  t h e  C/S va lue  o f  0.2. 

Howerver, decreaces i n  t h e  Q va lue  ( I L - 1  and 2 i n  Tab le  1 )  

Thermal ly induced d i s s o c i a t i o n  which i s  s i g n i f i c a n t  f o r  t he  8 reg ion  coa l  
However, i f  p y r i d i n e  i s  removed f rom 

The UF coa l  was r e f l u x e d  i n  p y r i d i n e  f o r  3 days, f o l l owed  by t h e  

If p y r i d i n e  so lub les  i s  removed f rom t h e  coa l  a f t e r  t he rma l l y  induced 

These 

2 Dependence o f  coa l  concen t ra t i on  on so l ven t  swe l l i ng .  The change i n  

I n  bo th  cases, s w e l l i n g  r a i t o s  a re  h i g h l y  

However, cau t i on  should be exerc i sed  when coa l  s t r u c t u r e  i s  i n v e s t i g a t e d  

The e f f e c t  

It was found t h a t  t h e  s w e l l i n g  r a t i o  Q of the  m i x t u r e  con ta in ing  so lub les  
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i s  s imply determined by t h e  a d d i t i v e  o f  s w e l l i n g  o f  each f r a c t i o n .  
cannot comple te ly  d i s s o l v e  i n  room temperature p y r i d i n e  a t  t h e  C / S  va lue  o f  
0.2, t he  und isso lved PS behaves l i k e  res idue  and i s  swo l len  w i t h  p y r i d i n e .  
s i g n i f i c a n t  e f f e c t  o f  so lub les  i n  t h e  so l ven t  on the  so l ven t  a c t i v i t y  was 
observed. 

s w e l l i n g  i n d i c a t e s  t h a t  secondary i n t e r a c t i o n s  are  so l va ted  more a t  lower  
concent ra t ion ,  assoc ia ted  coa l  d i s s o c i a t e s  more, and coa l  i s  swo l len  more. 

As PS 

No 

From these r e s u l t s ,  t h e  dependence o f  coa l  concen t ra t i on  on so l ven t  

A mono- o r  two-phase model? 
It has been proposed t h a t  coa l  i s  composed o f  a macmromolecular network 

(immobile phase) w i t h  r e l a t i v e l y  small molecules (mob i le  phase) occluded i n  
t h e  macromolecular network. Th is  idea was r e c e n t l y  desc r ibed  as t h e  so-ca l led  
two-phase mode (23,24). The essence o f  t h i s  model s ta tes  t h a t  o n l y  some ' 
p o r t i o n s  (ca. 10-20%) o f  t he  mob i l e  phase can be ex t rac ted  u s i n g  t h e  r e g u l a r  
e x t r a c t i o n  procedures because o f  r e s t r i c t e d  o r i f i c e  s i z e s  o f  t he  immobile 
phase. The two-phase model i s  r e a d i l y  compat ib le w i t h  Model A. However, 
t he re  i s  no d i r e c t  evidence to .p rove the two-phase model as reviewed i n  a 
recent  paper ( 7 ) .  
t h e  ex ten t  of cova len t  bonds and phys i ca l  assoc ia t ions ,  and ( b )  between t h e  

approaches (7,25).  
coal  can be e x t r a c t e d  w i t h  THF a f t e r  hea t ing  ( 3 5 O O C )  i n  n-bu ty lamine (26) ,  t h e  
p h y s i c a l l y  t rapped  mob i l e  phase shou ld  be re leased i n  t h F  e x t r a c t .  
no i s  no. 6 coa l  e x t r a c t  from t h i s  t rea tment  was f u r t h e r  pyro lyzed,  and t y p i c a l  
mob i le  phase compounds were semi -quant i ta ted  i n  these samples ( 7 ) .  
t he  d e t a i l e d  s o l v a t i o n  mechanism i n  E-buty lamine i s  n o t  c l e a r ,  t h e  d i f f e r e n c e s  
i n  amounts o f  such compounds between the  o r i g i n a l  e x t r a c t  and f u r t h e r  
pyro lyzed samples are  unequ ivoca l l y  due t o  degradat ion  o f  chemical bonds. 
t h e  r e s u l t s  showed, t y p i c a l  mob i le  phase molecules such as "-alkanes and 
p o l y c y c l i c  aromat ic hydrocarbons were no t  re leased d u r i n g  t h e  n-bu ty lamine 
t rea tment ,  b u t  were re leased by the  thermal degradat ion  o f  coaT macromole- 
cules.  From t h i s  r e s u l t ,  i t  was concluded t h a t  t he  two- phase model i s  n o t  
app l i cab le  f o r  h i g h - v o l a t i l e  I l l i n o i s  bi tuminous coa l .  
work (25)  showed t h a t  n-alkanes, alkylbenzenes, a lky lnaphtha lenes ,  
phenanthrene, and a l k y T  hydroaromat ic pentacycl  i c  t r i t e r p a n e s ,  
regarded as t h e  mob i le  phase, a re  impor tan t  p a r t i a l  c o n s t i t u e n t s  o f  coa l  
mol ecul es regard1 ess of mol ecul  a r  mass. 

Consequently, coal  can be regarded as a monophase r a t h e r  than t h e  
two-phase model. The monophase model i s  more cons is ten t  w i th  Model r a t h e r  
than  Model A. 
CONCLUSION 

t h r e e  major i n d i c a t i o n s  of Model A: ( a )  l i m i t e d  so l ven t  e x t r a c t a b i l i t y ,  
( b )  r e v e r s i b l e  so l ven t  s w e l l i n g  aFd ( c )  t h e  present concept o f  t he  two-phase 
model, a re  no t  e n t i r e l y  persuasive.  It i s  reasonable t o  deduce from var ious  
r e s u l t s  shown above t h a t  s i g n i f i c a n t  p o r t i o n s  ( f a r  more than  g e n e r a l l y  
be l i eved )  o f  coal  mol ecul  es a re  p h y s i c a l l y  associated . 

The problem i s  t h a t  no work has d i f f e r e n t i a t e d  (a )  between 

. d i s r u p t i o n  o f  cova len t  bonds and phys i ca l  d i ssoc ia t i ons .  
The proposed two-phase model has been s tud ied  by two d i f f e r e n t  

Since major p o r t i o n s  (70-90%) o f  h i g h - v o l a t i l e  b i tuminous  

The Illi- 

A1 though 

As 

Th is  work and another 

which were 

On t h e  bas is  of t he  preceding d iscuss ion ,  i t  can be suggested t h a t  t h e  
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UF-1 Raw coal ( r . t . )  1.2 1.1 1.1 1.2 1.1 1.1 

UF-2 Raw coal (7OoC) 1.2 1.2 1.4 1.7 1.8 2.2 

UF-3 Coal swol len i n  p y r i d i n e  1.0 
f o l l owed  by d r y i n g  ( r . t . )  

1.0 1.1 1.1 

IL-1 Raw coal  ( r . t . )  2.3 2.1 2.2 2.1 2.3 2.2 2.3 2.2 

IL-2 Coal swol len i n  p y r i d i n e  2.0 2.0 2.0 2.0 2.0 2.0 
f o l l owed  by d r y i n g  ( r . t . )  

UF-4 Coal r e f l u x e d  i n  p y r i d i n e  1.0 
f o l l owed  by d r y i n g  ( r . t . )  

1.1 1.0 

UF-5 Coal r e f l u x e d  i n  p y r i d i n e  1.0 1.1 1.0 1.1 1.1 1.1 
f o l l owed  by d r y i n g  ( 7 O o C )  

UF-6 Pyr id ine  ex t rac ted  coal  1.4 
( r . t . )  

1.4 1.3 

A B 

F igu re  1 
coal  s t r u c t u r e  

( A )  Cova len t l y  c ross - l i nked  and (8) p h y s i c a l l y  assoc iated models o f  

884 



71-7 

An thracire t 

3.5 

0 
3.0- 

L L O  w- volatile 

- - 
0 

00 

I I -. .- 
t Z f e r  

High-volatile 

JLignire 
Ionic 

F igu re  2 Proposed dependence of r e l a t i v e l y  Strong i n t r a -  and in te rmo lecu la r  
i n t e r a c t i o n s  on coal  rank 

2.0 2*5* 0 5 10 15 20 25 

CoaVSolwnt (wt/wt %) 

F i g u r e  3 Swe l l i ng  r a t i o s  ( Q )  i n  p y r i d i n e  o f  PSOC-1491 n a t i v e  (0) and i t s  
p y r i d i n e  ex t rac ted  ( 0 )  coa ls  as a f u n c t i o n  o f  coa l / so l ven t  w t l  (21) 

885 


